The objective of this paper is to provide a comprehensive explanation of the production and export intensification and diversification of the Brazilian agricultural sector in the period 1990-2012. Our hypothesis is that Brazil does not have a predetermined 'model' calibrated for success in international agricultural markets; rather, the country has altered its agricultural policies in a responsive manner reflecting constraints and opportunities arising in both domestic and international markets, and taking advantage of Brazil's agricultural land availability and good climate for agriculture.
Introduction
Since its colonial period, Brazil has been a major global supplier of primary goods such as mineral or agricultural products. In the 21 st century this has become more the case than ever, despite the fact that Brazil is no longer an essentially agricultural country. While agriculture accounted for 5.2% of Brazil's 2012 GDP, agribusiness -encompassing agriculture-supporting activities, agriculture itself, agro-industries and trading of agricultural and agro-processed products -formed 22.2% of GDP in the same year. Agricultural and agro-industrial products typically make up one-third of Brazilian exports, and a wide range of products have been exported. Brazil continues to be the world's major coffee exporter, but more recently has also been among the top ten exporting countries of products such as soybeans, sugar, pulp, orange juice, and meat. and sugar during the 1960s has grown to include grains, meat and agro-industrial products (such as orange juice and pulp, for example). Thirdly, Brazil has increased and diversified its agricultural and agro-industrial exports, shifting from traditional crops such as coffee and cocoa to more value-added products, such as orange juice, pulp, and mechanically processed wood.
This evolution is related both to international market changes and to domestic agriculture policy. For instance, from 1990 to 2011 the share of world agricultural and agro-processed exports enjoyed by the USA and European Union countries declined from 60.5% to 51.3%. In the same period, Brazil´s share jumped from 2.4% to 5.6%, while world GDP increased by 217%.
Meanwhile, during the 1970s and 1980s, Brazil´s domestic agricultural policy was premised on a division between export-oriented crops and domestic-oriented crops, with the former being produced by medium-and large-sized farmers in the South and Southeast regions, who received the bulk of public policy grants. During the 1990s and 2000s this changed and the important division became that between family and non-family farmers. The former group has tended to receive more subsidies from public policy, whereas the latter has increasingly been backed by private sector-supporting policies. Nevertheless, both have played a significant role in the growth of Brazil´s agricultural production and exports.
The fast-growing foreign markets purchasing Brazilian goods have also changed, with Brazilian agricultural and agro-industrial exports shifting from the USA and the EU towards Asia (specifically China), Africa and the Middle East. As the USA and the European Union countries'
shares of the global food suppliers' market have reduced, Brazil has acquired a higher share into the world market of agricultural and agro-processed products.
Despite increasing productivity, Brazilian agribusiness and specifically agriculture have been hampered by infrastructural bottlenecks, particularly relating to storage, domestic transportation and ports. " [T] he Minister of Agriculture, Livestock and Supply estimates the losses would range from 10% to 15% of total production" (Sou Agro 2011). There does not currently exist Brazilian public policy addressing these important issues specifically as issues for agriculture. Rather, the agriculture sector typically must try to feed off advances in infrastructure created for industrial and urban development.
The above briefly sketches the broad context to this paper, which aims to provide an account of the evolution of Brazilian agriculture and agribusiness in the period from 1990 to 2012, paying particular attention to the growth and diversification of exports and attempting to quantify the main determinants of this. More specifically, this will involve: (a) analysing the changes in Brazilian agriculture during this period, mainly relating to production and farming areas; (b) examining Brazilian agricultural policies to demonstrate the ways in which policy has been market-oriented; (c) running an econometric supply model of agricultural and agro-processed export products, in order to quantify their main determinants.
A large body of literature has addressed these issues separately and over different periods than we consider in this paper. lbuquerque and Nicol (1987) , Szmarecsányi (1990 ), Taglialegna et. Al. (2000 and Barros (2014) , for example, have provided an overview of Brazil´s agriculture evolution and its relationship with other sectors but little explain the role of agricultural policies to stimulate that sector. Barros (1979) , Goldin and Rezende (1993) and Rezende (2003) have analysed the evolution of Brazil´s agriculture policies, paying special attention to their shifts according to macroeconomic and political restrains but without emphasizing its marketorientation. Almeida and Bacha (1998) , Reis and Crespo (1998) , Maia (2003 ) Pimentel et al. (2005 and Fraga and Bacha (2012) 
Methodology and dataset
The data is organized into tables and graphs to allow an overview of the evolution in Brazilian agriculture and agribusiness during 1990-2012. An econometric supply model is run to determine the main variables that have influenced exports of agricultural and agro-processed products.
The dataset was collected from the Brazilian Institute of Geography and Statistics (IBGE), the Ministry of Development, Industry and Foreign Trade (MDIC) and from the Food and Agriculture Organization (FAO). These three sources all cover roughly the same variables, but are each stronger in different areas, leading us to use them in different ways:
(a) An IBGE dataset from its Municipal Agricultural Production archive is used to evaluate the evolution of Brazil's main crops and meat production and productivity from 1990 to 2012.
Statistical methods are used to analyse the data.
(b) The IBGE's 2006 Agricultural Census dataset is employed to analyse the agricultural production structure, particularly to reveal the regional distribution of agricultural production.
(c) FAO and MIDC datasets on Brazil´s agricultural and agro-processed exports are used to run supply equations in order to find out the main determinants of these exports.
The remainder of this report is organized into four sections. In section 3, we analyse the evolution of Brazilian agriculture, focussing particularly on agricultural and agro-processed production and export, and consider the principle factors that have allowed Brazil to expand its role as a major world supplier of these products. Section 4 considers the role of agricultural policy in this context. Section 5 presents the econometric results from the supply equation run for exports of agricultural and agro-processed products. Finally, section 6 draws together the main conclusions of the report. According to Schlesinger and Noronha (2006) , Bacha (2011 Bacha ( , 2012 , and Campos (2010) (Table 1) , without encroaching on legally established conservation areas.
Most of the currently available arable land is located inside the Cerrado areas and in the last four decades the advancing agricultural frontier has inaugurated major shifts in Brazilian agriculture. Table 2 shows the regional distribution of Brazilian agricultural production in selected years. Although the South and Southeast regions have been and remain the main agricultural producers, these areas' share of overall agricultural production is falling, while the Central-West has increased its share, largely due to the good availability of arable lands covered Since the second half of the 1960s, in spite of changes in endowments and priority groups, the Federal Government has maintained traditional agricultural policies such as rural credit, minimum prices, insurance, research and extension. However, on the whole these policies have stimulated market-oriented production rather than self-consumed production.
Large multinational agribusiness companies have backed medium-and large-sized farmers in Brazil, encouraging them to produce exportable agricultural products. During the 1970s and 1980s, these companies funded farmers to plant grains in Cerrado areas using the so-called Green soybeans contract, a forward sale not established by law, in which agribusiness companies lent money and/or agricultural inputs to the farmers and later received reimbursements in the form of agricultural products (soybeans). In the 1990s, this kind of contract became regulated as a Note of Agricultural Product ('Cédula de Produto Rural'), and has been widely used by these companies since then. Furthermore, these companies have consistently bought a large share of Brazilian agricultural production and exports; foreign markets have been an important destination for a sizeable proportion of Brazil´s agricultural production. Figure 4 shows the evolution of Brazil´s exports and imports of agricultural and agro-processed goods from 1990 through 2011. Brazil´s exports of agricultural and agroprocessed products rose from US$ 10.2 billion in 1990 to almost US$ 87.5 billion in 2011, i.e. they multiplied eightfold in twenty-two years. A particularly large increase has taken place since 2000, in contrary motion with the decrease of the USA's and European countries' shares of the world agricultural and agro-processed product markets (as seen in Figure 5 ). In 1990, EU countries accounted for 46.8% of world exports of agricultural and agro-processed products, which fell to 40.7% by 2011. US exports of the same products comprised 13.8% of the world total in 1990 and 10.5% by 2011. Meanwhile, Brazil´s exports rose from 2.4% to 5.6% respectively in this period.
Brazil is the world´s largest producer and exporter of coffee, sugar and orange juice; the second largest exporter of soybeans, and holds the third and the fourth rank respectively as exporter of corn and cotton. Also, Brazil is the largest exporter of beef and poultry, holding the largest commercial cattle herd.
During the first twelve years of the 21 st century, Brazil exported an increasing amount of agricultural and agro-processed goods, both to established and, particularly, emerging markets (see Table 3 
Agricultural policy in Brazil
Writers such as Mueller (1982 Mueller ( , 1983 Mueller ( , 2010 , Helfand (2000) , and Lamounier (1994) Considering the last five decades overall, agricultural policy in Brazil has been backed by the same economic instruments such as rural credits, minimum prices, federal and state-funded agricultural research, rural extension and subsidized insurance. In other words, policy has been predominantly market-oriented, aiming to encourage farmers to produce tradable goods rather than producing only for self-consumption. However, the specific endowments for each of these policies and their programs have changed according to the five variables mentioned above.
Additionally, some programs have been created in order to address specific groups of farmers (e.g. family farmers). Source: based on Goldin and Rezende (1983) and Bacha (2012) (2) From 1987 to 1999, as the newly-democratic governments struggled to stabilize the Brazilian currency by reducing the public deficit, government endowments to the earlierestablished agricultural policies were drastically reduced, and, simultaneously, new programs were created to involve the private sector in financing agriculture. In 1990 several Federal Government-run agriculture bureaux, chambers and institutes were shut down (such as the Brazilian Institute of Coffee (IBC), the Sugar and Alcohol Institute (IAA) and EMBRATER), and some sectors were deregulated (such as coffee and sugar). The official insurance program (PROAGRO) was twice revised in order to reduce its deficit, and the revision also reduced its scope (Souza 2000) . In 1994, forward sales of agricultural products were regulated in law as Rural Product Notes with product delivery (CPR-física), allowing the private sector to lend money to farmers without penalties for charging interest. In 1996 'Kandir's Law' exempted Brazilian exports of agricultural and agro-processed products from value-added tax, boosting these exports. In the same year, in light of the reduction of rural loans from SNCR, the Federal Agropecuário) -were created in order to limit the number of farmers who could access these programs, and to involve the private sector in their running (Rezende, 2001; Verde, 2001; . and MAPA have independently outlined separate annual agricultural plans. These follow the same established agricultural policies overall, but employ different programs customised for family and non-family farmers. Family farmers can apply for both MDA and MAPA programs, but non-family farmers can only apply to MAPA's programmes. However, the bifurcated structure of agricultural policymaking (between MDA and MAPA) has not constrained agricultural expansion, and on occasion has actually proved helpful in settling seeming divergences within central government.
Econometric equations to explain changes in Brazilian agricultural exports
Based on Almeida and Bacha (1998) , Reis and Crespo (1998) , Maia (2003) , Pimentel et al. (2005) and Fraga and Bacha (2012) , this paper evaluates the importance of world GDP, exchange rate, domestic production and export prices on agricultural exports, agro-industrial exports and both 
Where:
EXPt: value of Brazil´s agricultural and agro-industrial exports;
TP t : Brazil´s total agricultural production (quantum);
1 CDA = Certificate of Agricultural Deposit; WA = Agricultural Warrant; CDCA = Certificate of Agricultural Credit Rights; LCA = Notes of Agribusiness Credit; CRA = Certificate of Agribusiness´s Receivable Assets. 2 The categories of family farming and non-family farming were established for the purposes of agricultural policy by Law 11,326, issued on July 24 th 2006. A 'family farming' property meets the following criteria: (1) the total farming area is at most four fiscal modes (a fiscal mode represents the minimum area for a farm to be considered economically viable and ranges from 5 to 110 hectares, depending on the municipality); (2) the farm preferentially employs family members; (3) the farmer's income is solely derived from farming. It is worth noting that these conditions don't imply that the designation of 'family farmer' necessarily means a poor or low-income person; those covered by it range from poor peasants to highly capitalized farmers. According to Brazil´s 2006 Agricultural Census, family farming accounted for 33.2% of Brazilian agriculture´s gross production value in that year. Almost one quarter of family farmers rank in the highest band of agricultural income in Brazil (R$ 500 thousand or more per year). However, the family farming sector does also contain the vast majority of the lowest-income farmers.
e t : Real exchange rate; PI t : international price index for agricultural and forest products; WGDP t : world gross domestic product. Equation (1) will be linearized and each explanatory variable will be taken by its neperian logarithm. Then, the following equation will be run:
( 1) All expected signals for betas are positive.
The ordinary least squares method (MQO) will be used to run Equation (1). Chart 2 provides information about the explanatory variables. Figure 7 shows the growth of Brazil´s agricultural and agro-processed product exports since 1991, as well as the total agro-based product exports. The latter has increased from US$ 9.6 billion in 1991 to US$ 87.6 billion in 2011. Agro-processed products have been responsible for almost two thirds of total agro-based exports. At first glance, the evolution of agro-processed exports is similar to that of agricultural exports. However, some differences appear, particularly in 1997, 2009 and 2011 when for instance agricultural product exports increased more than agro-processed product exports, or when the former was stable despite the later decreasing.
Econometric results
Although certain products have remained predominant among Brazil´s agro-based exports, an examination of the Herfindal-Hirschman index (HHI) for the sector shows that diversification is nevertheless high, particularly for agro-processed exports. As seen in Figure 8 , the HHI index for agro-processed exports decreased from 0.44 in 1991 to 0.26 in 2011, while for agricultural exports in the same period the index increased from 0.41 to 0.46. Notably, the diversification is higher for agro-processed product exports than for agricultural product exports.
In order to assess the differences between agricultural and agro-processed exports, three equations will be run in this section: one for all agro-based product exports, one for only agricultural product exports, and one for only agro-processed product exports. Table 4 displays the dataset used in the regressions presented in this section, while Table 5 shows the results of equation (1). EViews and Stata were used to conduct the analysis. Initially, equation (1) was run by using the ordinary least squares method, and both DurbinWatson and Breusch-Godfrey statistics do not suggest the presence of residual autocorrelation.
The values of the Variance Inflation Factor (VIF) also do not suggest the presence of multicolinearity among the explanatory variables. However, a White test suggests the presence of heteroskedascity in the agricultural export equation. This equation was then rerun by using the Generalized Least Squares (GLS) method. Both results are presented in Table 5 . Their coefficients are similar, but their significant levels are different. industrial exports. The second highest impact comes from Brazil´s agricultural production with an elasticity of 1.29. International price (PI) had the expected signal, but was not statistically significant. By considering separately agricultural and agro-processed product exports, some differences among their main determinants are revealed. The impact of total production on agricultural product exports (elasticity of 1.8) is larger than that of world GDP (elasticity 1.69), while the opposite is the case for agro-processed product exports (elasticity of 0.95 and 1.59 respectively).
As such, we can conclude that the huge growth of Brazil´s agricultural and agro-industrial exports since 1990 has been driven by world economic growth and the increase in Brazil´s own production, which has predominantly been oriented towards the international market. This market-oriented production has been conducted by both family and non-family farms; both sectors have increased their productivity and have also been supported by market-oriented agricultural policy.
Conclusions
Since 1990 Several factors can explain this growth; in particular, increasing domestic production, the growth of world consumption, and changes in the exchange rate have been key. Also relevant, although not of the same importance, are changes in international prices. According to the econometric model run in this study, the main determinant of Brazil´s agricultural and agroindustrial export growth has been the increase in world GDP (with an elasticity of 1.56, meaning that each 1% increase in world GDP implied a 1.56% increase in Brazilian exports of agricultural and agro-industrial products). The second most important determinant was the increase in domestic production, with an elasticity of 1.29.
From 1990-2012, a huge increase in both crop and livestock production took place. In 1990, the quantity produced of the 63 major crops was 384 million tonnes, rising to 485 million tonnes by 2000 and reaching 966 million tons by 2012. In the same years, meat production was 5.17, 10.3
